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creasing message handling capacity; additionally or 
C9 alternatively, one or more of the receivers can be 
used as an auxiRary channel for one or more func- 
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^ Three auxiliary channel modes are described: Voice 
^Net mode for direct voice communication, Time Di- 
vision Multiplex Repeater mode for a long-range 
gjvolce link or bulk data transfer to a single destination 
"*and inter-network gateway mode for transmitting 
messages to an adjacent network. 
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© A transceiver for a packet radio network com- 
prises a plurality of Independently tunable receivers 
(RX1-RX4) and a single fransmitter (TX) tunable to 
the frequenices of the receivers. Messages on dif- 
ferent frequencies of the network can thus be si- 
muttaneousiy received by respective receivers, in- 
creasing message handling capacity; additionally or 
alternatively, one or more of tlie receivers can be 
used as an auxiliary channel for one or more func- 
tions other than standard reception of data packets. 
Three auxiliary channel rriodes are described: Voice 
Net mode for direct voice communication. Time Di- 
vision Multiplex Repeater mode for a long-range 
voice link or bulk data transfer to a single destination 
and Inter-network gateway mode for transmitting 
messages to an adjacent network. 
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PACKET RADIO 



The Invention relates to packet radio, particu- 
larly packet radio suitable for use in the tactical 
forward area of a battlefield. 

Packet radio systems have been known for 
several years: see for example "Computer Net- s 
works" by Andrew S. Tanenbaum. published by 
Prentice-Hall (1981). and "Advances in Packet Ra- 
dio Technology- by R.E. Kahn et al.. Proa IEEE, 
Vol. 66 (November 1978), pages 1468-1496. A 
packet radio system Is a data communications ra- io 
dio network comprising a plurality of stations each 
including a transceiver. Each station can act a 
source, relayer or destination of a data message. A 
data message to be communicated Is divided into 
discrete segments of fixed length, called- "packets". is 
The stations of a network are generally distributed 
over a geographical area in such a manner that not 
every station Is In direct communication (i.e. com- 
munication without an intermediate station) with 
every other station. A packet therefore usually zo 
propagates from source to destination in a series of 
hops, being relayed by intermediate stations. The 
system selects an appropriate route for each pack- 
et depending upon the loading of individual sta- 
tions, local interference and network topology. Each 2S 
station can store a number of packets, possibly 
from different sources and possibly intended for 
different destinations, until they can each be for- 
warded to another station nearer to their respective 
destinations. Packets anive at ttie destination sta- so 
tion, possibly by different routes and not necessar- 
ily in the correct order, and are re-assembled to 
form the original message. When a station has 
received a packet. It transmits an acknowledge- 
ment of that fact, but this occurs for each hop in ss 
the propagation route: there Is no automatic ac- 
knowledgement from destination to source (unless 
the stations happen to lae In direct communication), 
so the network provides, a . so-called 
"unacknowledged datagram" service. ^ 

A packet radio system can provide mobile bat- 
tiefield data users with a common communication 
service which is comparable, In terms of transpar- 
ency of service and reliability, to a static trunk 
system. For this reason, packet radio is seen as a 45 
possible solution to the growing data communica- 
tions requirements of tiie mobile electronic bat- 
tlefield in an increasingly congested electromag- 
netic spectrum. 



The designer of such a packet radio system is 
however presented witii formidable problems: tor 
example, the stations are mobile causing ttie net- 
woric topology to change regulariy, the propagation 
channel has a high infonmation error rate which 
fluctuates wftii time, and any station may be 
switched off without notice. 
. It has recentiy been proposed (see "Packet 
Radio - A Survivable Data Communications System 
for the Forward Area" by B.H. Davles and T.R. 
Davies, Proceedings of tiie lEE Conference on Ad- 
vances in Command, Control and Communications 
Systems: Theory and Applications, 16-18 April, 
1985, pages 129-137 (lEE Conference Publication 
No. 247)) to use a fully distributed control strategy, 
employing robust routing and channel access al- 
gorithms, in order to provide improved perfor- 
mance, for example as regards reliability, in view of 
ttie above-mentioned problems; this system has 
been designed to operate within the constraints of 
existing nanrow-band radio technology. 

The present Invention may similarly use avail- 
able nanrow-band radio technology but enables a 
packet radio system to have increased capabilities. 

The invention provides a transceiver for a 
packet radio networi< which comprises a plurality of 
transceivers, the transceiver being operable to 
transmit store and receive packets of data, wherein 
the transcewer comprises a plurality of receivers 
which are independentiy tunable In operation arid a 
single transmitter which in operation is tunable to 
the frequencies of the receivers. 

Such a transceiver may be used to receive 
data messages simultaneously on a plurality of the 
receivers, thereby increasing the message-handling 
capacity; additionally or aitematively, one or more 
of the receivers may be used as an auxiliary charv- 
nel for one or more functions other than standard 
•reception of data packets. 

The trarisceiver may further comprise control 
means which in operation are co-operable with 
corresponding means in other transceivers of the 
networic for causing one or more of the receivers to 
be tuned in operation to the same frequency or the 
same respective frequencies as one or more re- • 
ceivers, respectively, in the other transceivers. 
Such control means may comprise software for a 
control microcomputer, the software being for ex- 
ample removably incorporated in the transceiver, 
for example in a RAM. 

For Increased data message handling capacity, 
the transceiver may comprise demodulating and 
data exti-action means operable to handle data 
messages simultaneously received on at least two 
said receivers and storage means for storing pack- 
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ets of data extracted from the messages. The tran- 
sceivers may then further comprise control means 
for causing stored packets to be transmitted fn 
operation on a frequency to which one of said at 
least two receivers was tuned. 

To enable one function of an auxiliary channel, 
the transceiver may comprise means for operating 
in a voice net mode, said means comprising de- 
modulating means for demodulating a voice mes- 
sage received on at least one said receiver simulta- 
neously with the reception and demodulation of 
messages on the remaining receiver{s). The voice 
net mode means may further comprise means for 
enabling a voice message to be transmitted con- 
tinuously in operation, thereby permitting two-way 
voice operation. Voice messages may be received 
and transmitted on different respective frequencies^ 
but suitably in operation the voice message is 
transmitted on the same frequency as that to which 
said at least one receiver is tuned. To enhance the 
message-handling capacity, the transceiver may be 
operable, except when a voice message is being 
transmitted, to transmit messages on one or more 
frequencies other than the frequency of transmis- 
sion of the voice message. To enable the transmis- 
sion and reception of voice messages In digital 
form, the transceiver may comprise voice encoding 
and decoding means for converting an analogue 
voice signal to a digital voice signal and vice-versa. 

To enable another function of an auxiliary 
channel, the transceiver may additionally or alter- 
natively comprise control means which in operation 
are co-operable with, corresponding means in one 
or more other transceivers of the network, the 
transceivers forming a succession from source to 
destination for transmission of a message, to cause 
a respective receiver and a transmitter of each 
transceiver of the succession to operate on a com- 
mon radio frequency in a time division multiplex 
repeater (TDMR) mode with a common time frame 
having a characteristic period P and the period P 
comprising n successive time segments of equal 
length p where np>*P, successive transceivers be- 
ing assigned successive respective segments for 
transmission and every nth transceiver being as- 
signed the same segment, 

wherein the transceiver comprises storage and 
transmission control means operable when the 
transceiver is the source of the message to cause 
the message to be divided into successive mes- 
sage sections of fixed length and one section to be 
transmitted during each periodic re-occurrence of 
the respective transmission segment, 

arid wherein the transceiver comprises relay 
control means operable when the transceiver is 
Intermediate the source and the destination of the 
message to cause a message section received 
from the preceding transceiver of the succession 



during the time segment immediately preceding its 
respective transmission segment to be stored and 
then to be transmitted in its respective transmission 
segment, 

5 the transceiver being operable, when receiving a 
message section in TDMF^ mode on a respective 
receiver, simultaneously to receive messages on 
the remaining rece1ver(s), and being operable while 
in TDMR mode to transmit messages on frequen- 

10 cies other than said common frequency only in the 
Intervals between periodic re-occurrences of Its* re- 
spective transmission segment If the transceiver is 
to be operable to transmit and receive voice mes- 
sages in TDMR, it may comprise voice encoding 

75 and decoding means operable to convert an ana- 
logue voice signal to a digital signal with a bit rate 
p/P times the bit transmission rate and vice-versa. 

To enable yet another function of an auxiliary 
channel, the transceiver may additionally or alter- 

20 natively comprise means for operating In an inter- 
network gateway mode, said means comprising 
means which in operation are co-operable with 
corresponding means in at least one of a plurality 
of other transceivers comprised In an adjacent 

25 packet radio network to cause one of the receivers 
to be tuned to the same frequency f i as a receiver 
in each of said plurality of other transceivers, 
means for causing a packet which has 'been re- 
ceived on anotiier receiver of the transceiver from 

30 a transceiver in its own network and which has then 
been stored to be transmitted to a transceiver in 
said adjacent network on said frequency fi together 
with an Identification of the packet as an inter- 
network message, and means responsive to the 

35 reception of a packet with such an identitication to 
cause an acknowledgement of reception of the 
packet to be transmitted on the same frequency as 
tl^t on which it was received. 

Without taking special measures, a transceiver 

40 embodying the invention can be used in half-du- 
plex operation, that is to say, although it can both 
transmit and receive, It cannot transmit and receive 
simultaneously, since the transmitter would over- 
load each of the receivers, whatever frequencies 

45 they are tuned to. To enable full duplex operation, 
a transceiver may comprise means for substantially 
inhibiting the passage of RF energy from the trans- 
mitter to the receivers at frequencies other tiian the 
desired instantaneous transmitter frequency so that 

so reception is prevented solely in the receiver tuned 
to said desired transmitter frequency. 

Embodiments of the invention will now be de- 
scribed, by way of example, with reference to the 
diagrammatic drawings, in whlch:- 

55 Rgure 1 is a block diagram of a packet radio 

transceiver embodying the Invention; 

Rgure 2 illustrates transmission periods of 
packet radio transceivers in TDMR mode, and 
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Rgure 3 Is a drcuft block diagram of an 
arrangement for tuning the receivers and the trans- 
mitter and coupling them to the antenna for full 
duplex operation. 

Figure 1 Is a simplified schematic block dia- 
gram of a transceiver for a packet radio network. 
The network comprises a plurality of similar sta- 
tions each including such a transceiver and also 
including host computer capabilities. In the tran- 
sceiver of Rgure 1, a common antenna ANT- is 
used for both transmission and reception; it is 
coupled by a coupling unit CPLR to a single RF 
transmitter TX and/or to a plurality of RF receivers, 
in this instance four receivers RX1-RX4 respec- 
tively. .The receivers are Independently tunable 
over respective frequency ranges, which may for 
^ample overlap or be contiguous; suitably, and In 
this Instance, the tuning frequency ranges of the 
receivers are substantially coextensive. The trans- 
mitter can be fast-tuned to the frequencies of the 
receivers; thus in this instance, it has the same 
tuning frequency range as each receiver, for exam- 
pie 30-88 MHz. 

The operation of the transceiver is controlied 
by a microcomputer uC which aiso performs other 
processing on data packets. In Rgure 1, the paths 
of communication signals 'are denoted by continous 
lines, while other links between the microcomputer 
uC and other circuit blocks are denoted by dash- 
dot lines. 

Digital data communications signals or ana- 
logue voice communications signals to be transmit- 
ted by the transceiver are supplied to the micro- 
computer uC at DATA IN, VOICE IN respectively. 
Digital data signals are divided by the microcom- 
puter uC into discrete successive segments or 
"packets" each comprising the same number of 
bits. The microcomputer also prefixes each packet 
with an address Indicating the identities of the 
source station, the station comprising' this tran- 
sceiver (if It is acting as a relay rattier than being 
the source), and tiie destination. When a packet is. 
to be transmitted, it is passed along a signal path 
SI to an error correction encoding and interleaving 
unit ECE which adds parity bits to the packet in 
order to enable the transceiver that next receives 
the packet to correct errors that occur in transmis- 
sion between the transceivers; the unit ECE also 
alters the order of the bits in tiie packet so that 
errors which tend to be grouped together in time 
are spread more evenly across the packet, thereby 
improving the possibility of correcting the errors 
after reception. The packet then passes to a sync 
addition unit SA, controlled by the microcomputer 
uC, tiiat prefixes the packet with a word identifying 
the start of the packet and identifying the mode of 
transmission. Thence the packet passes to a digital 
signal modulating and timing (clock) unit DMT 



which modulates tiie transmitter TX. for example 
frequency modulating ttie RF carrier, with the data 
in tile packet at a predetermined regular bit rate, 
for example 16 kilobits per second. The transmitter 
s is switched on and off as appropriate by means of 
a control line 01 from the microcomputer uC, and 
tiie radio frequency of tiie transmitter Is controlled 
via a control line C2. The control line 01 also 
controls ttie coupler CPLR so as to cause ttie 
10 antenna ANT to be coupled to the transmitter only 
when tiie latter Is operating. 

Voice signals, in analogue fomn, are supplied 
along a signal patii S2 to a switch SW1 controlled 
by tiie microcomputer. If ttie vok» signals are to 
IS be communicated In a voice net mode wherein the 
signals are transmitted continuously in analogue 
form as supplied, the switch SWI routes the sig- 
nals to an analogue signal modulator AM which 
controls ttie transmitter TX accondingly, for exam- 
20 pie using frequency modulation. If, on the otfier 
hand, the signals are to be transmitted In digital 
fonm, the switch SWI routes the signals to a voice 
encoder VE which for voice net mode operates at 
tiie normal bit transmission rate. From here, tiie 
25 digital voice signals pass to the sync addition unit 
SA, being routed by a switch SW2, controlled by 
ttie microcomputer uC, eitiier directly via a signal 
path S3 if tiie signals are to be transmitted continu- 
ously, or via a buffer and time compression unit 
so BTC, also controlled by the microcomputer, if the 
signals are to be transmitted intermlttentiy at regu- 
lar intervals in a Time Division Multiplex Repeater 
(TDMR) mode (to be described below); In ttie latter 
case, the voice encoder is operated at a relatively 
35 low bit rate, the rate being controlled by the micro- 
computer uC. From the sync addition unit SA, the 
signals pass to the unit DMT (as with packets of 
digital data). 

The four receivers RX1-RX4 are each followed 

40 by identical resfpective signal-processing circuit 
portions; for simplicity, only ttie circuit portion SPl 
following receiver RX1 Is shown In Rgure 1. en- 
closed by a line of short dashes. The frequency to 
which ttie receiver RXl is tuned is controlled via a 

45 control line 03 from the microcomputer uC. The 
output of the receiver is coupled to an analogue 
signal demodulator AD and to a digital signal de- 
modulator and bit extraction unit DDE. Modulated 
RF signals that are analogue voice signals are 

60 demodulated by the analogue signal demodulator 
AD and supplied to a switch SW6 controlled by the 
microcomputer uC whence they are passed di- 
rectiy to a VOICE OUT output. Modulated RF sig- 
nals that are digital signals are demodulated and 

55 tiie digital Information extracted by a threshold 
detector and clock recovery circuit In the unit DDE. 
The signals then pass to a sync detector unit SD 
which identifies from the sync word the start of a 
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group of bits and the mode in which the group is 
being communicated. This information Is passed 
by the unit SD to the microcomputer uC via a data 
lino D1. The output of the unit SD is connected to a 
switch SW3 which Is controlled by the microcom- 
puter ilC in accordance with the Information sup- 
plied to It by the unit SD along the line D1 , as are 
further switches SW4 and SW5 to he mentioned 
below. 

Packets of digital data are routed by switd) 
SW3 to an error detection and correction and dein- 
terleaving unit EDO which utilises the parity bits to 
correct errors (if possible) and which restores the 
original order of the bits in each packet The pack- 
ets pass from the ou^ut of the unit EDO to the 
microcomputer jxC. If the errors in a packet* are too 
numerous to be corrected, the unit EDO notifies the 
microcomputer uC via a data line D2, and the 
microcomputer then discards the packet When a 
packet has been successfully received and the 
station is nearer the destination than the station 
that transmitted the packet the microcomputer 
adds an acknowledgement of this fact to the next 
packet it transmits (in-espective of whether this 
packet is the one whose reception is being ac- 
knowledged). 

Digital voice signals are routed by switch SW3 
to the further switch SW4. If the transceiver is 
acting as a relay for voice signals in TDMR mode, 
the signals are passed directly from switch SW4 
along a signal path S4 to the microcomputer uC 
whence, at suitable instants for transmission, they 
are passed along a signal path S5 to the sync 
addition unit SA. If the transceiver Is the destination 
of the voice signals (in either TDMR mode or voice 
net mode), the signals are routed by switch SW4 to 
a digital voice channel DV which can be coupled to 
any of the signal processing circuit portions asso- 
ciated respectively with the receivers RX1-RX4, as 
denoted by signal path S6 with a respective switch 
pole for the signal processing circuit portion asso- 
ciated with each receiver. The digital voice channel 
DV is enclosed by a line of short dashes. From the 
input of the channel DV, digital signals in voice net 
mode are routed by the further switch SW5 via a 
signal path S7 to a voice decoder VD which con- 
verts the signals to analogue form and supplies 
them from the output of DV to the switch SWe to 
be passed directly to the VOICE OUT output If the 
digital voice signals at the Input of DV are in TDMR 
mode (the transceiver being the destination of the 
signals), they are routed by switch SW5 to a buffer 
and time expansion unit BTE whose output is con- 
nected to the voice decoder VD. Like the voice 
encoder VE» the voice decoder can operate at 
either of two rates, the rate being controlled by the 
microcomputer uO. 



If the transceiver Is intended for half duplex 
operation, in which the transceiver cannot transmit 
and receive signals simultaneously, the coupler 
CPLR may be a simple device, for example a 

5 relay, which couples the arrtenna A^^^ either to the 
transmitter TX or to each of the four receivers RX1- 
RX4, as required. Alternatively, if the transceiver is 
Intended for full duplex packet radio operation, In 
which packets can be received at the same time as 

70 a packet is being transmitted, with the exception of 
reception at the frequency of the transmitted signal, 
a~ more complex coupler Is required, for example 
as described below with reference to Figure 3, for 
Inhibiting the passage of RF energy from the trans- 
re mitter to the receivers at frequendes other than the 
desired Instantaneous transmitter frequency when 
the transmitter is operating; the antenna can be 
directly coupled to the receivers when the transmit- 
ter is not operating. 

20 In operation, any of the receivers RX1-RX4 and 

their associated signal-processing circuit portions 
may bo used for receiving data packets; packets 
may be simultaneously received and processed in 
a plurality of channels. Furthermore, any one (or If 

25 necessary, more) of the channels may, instead of 
handling packets in the normal way, t>e used as an 
auxiliary channel. In mufti-channel (for example, 3 
channel) packet radio operation, the microcomputer 
co-operates with other transceivers in the same 

30 packet radio network to select a plurality of com- 
mon frequencies' of operation, in this instance three 
common frequencies of operation. The transceiver 
may simultaneously receive packets on the three 
common frequencies in respective receivers and 

OS process the packets in the respective signal-pro- 
cessing circuit portions associated with the receiv- 
ers, from where they are passed to the microcom- 
puter. If the transceiver Is the destination of a 
packet the packet Is presented at the DATA OUT 

40 output. If a packet is to be relayed to another 
transceiver, it Is entered Into a store in tiie micro- 
computer from which it can be selected for ti^ns- 
mission at an appropriate instant When this store 
Is full, further packets received for relaying are 

46 discarded; however, control Information sent be- 
tween stations ensures that this rarely occurs. 
Packets to be transmitted (either being relayed or 
originating at the station comprising the trans- 
ceiver) may be transmitted on any of the common 

50 operating frequencies (irrespective, In the case of a 
transceiver acting as a relay, of which of the com- 
mon frequencies it was received on). 

The common frequency on which a transceiver 
transmits a packet to transceivers in Its own net- 

65 work may be selected randomly by the ti^nsceiver 
from amongst the common frequencies except in 
the case of full duplex packet radio operation, the 
- one(s) on which the transceiver is simultaneously 
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receiving a message (having detected tine sync 
word); in half-duplex operation, transmission cannot 
proceed If a message is being received on any of 
the receivers. 

Data packets transmitted by the transceivers s 
are retained in a store in the microcomputer uC 
after first transmission for retransmission ff a suit- 
able acknowledgement of reception is not received 
within a given time. Packets are discarded from 
this store after an acknowledgement has been re- ic 
ceived or If, after repeated transmission over a 
given period, no acknowledgement is received. 

In this embodiment, an auxiliary channel may 
be operated In any of three modes:- 

volce net mode, for direct voice communication is 
with one or more other stations; 

TDMR mode, for a long-range voice link or bulk 
data transfer to a single destination station; 

Inter-network gateway mode, for transmitting 
messages to an adjacent packet radio network. 20 

Voice net mode is used when It is desired to 
receive a voice message substantially wittiout de- 
lay from another station which may be in the same 
packet radio network or, for example, In a separate 
network of radio stations capable only of voice 25 
transmission and reception. Other stations of the 
voice net may be in one or both of such networks. 
The transceiver may additionally be capable of 
ti-ansmitting such a message. In this embodiment, 
the transceiver is capable both of receiving and of so 
transmitting voice net messages, and in eitiier digi- 
tal or analogue form; as an altemative, a tran- 
sceiver might for example only receive voice net 
messages, acknowledgements being sent via pack- 
ets. Where voice net messages can be both re- ss 
ceived and transmitted, reception and transmission 
are usually on the same frequency in which case 
operation is haif-duplex voice but may be on dif- 
ferent frequencies for full duplex voice operation. 

TDMR mode Is used when ft ts desired to 40 
transmit with minimal delay, a voice message or a 
substantial quantity of data from a source to a 
destination which are not in direct communication 
with one another. i.e. there being one or. usually, a 
plurality of Intemnediate relay stations. In this 45 
mode, the transceivers establish a circuit-switched 
link, designating a succession of transceivers from 
source to destination which are to operate in this 
mode on a common frequency and witii a common 
time frame having a characteristic period P. The so 
period P comprises n successive segments of 
equal length p such that np^^'P, successive tran- 
sceivers in the link (with the possible exception of 
the last) being assigned successive respective seg- 
ments for transmission and every ntfi transceiver 55 
being assigned the same segment The transceiver 
of the source station divides the message to be 
communicated into successive message sections 



each comprising a fixed number of bits 
(representing either data or voice), and transmits 
one section during each periodic re-occurrence of 
its respective transmission segment In tiie case of 
a data message, this is perfonmed by entering the 
data Into a buffer store in the microcomputer w-C, 
the buffer store having a capacity of one message 
section, from where It is supplied at the appropriate 
instant to the sync addition unit SA via signal path 
S6. In the case of a voice message, time compres- 
sion is required. If, for example, n = 3, the voice 
encoder VE may convert the analogue voice signal 
to a digital voice signal witii a bit rate of 4.8 
kbit/sec. The buffer and time compression unit then 
compresses this into m'essage sections having the 
nomnal bit transmission rate of 16 kbit/sec, each 
section occupying a time segment having a lengtfi 
ratiier less than one third of the period P and being 
transmitted in the respective time segment for that 
transceiver. 

A transceiver acting as a relay in a TDMR 
mode link receives a message section from the 
preceding transceiver In the link during each peri- 
odic re-occuoence of the time segment imme- 
diately preceding its own transmission segntent 
and transmits the section in Its respective transmis- 
sion segment The short interval between the trans- 
mission segments permits the transceiver to recog- 
nise the data being received as such a message 
section and (if necessary) to retune rts transmitter. 

By way of example, Rguro 2 illustrates - 
schematically the times at which four successive 
stations, designated A,B.C,D respectively, in a 
TDMR link transmit. The transmission segments 
are denoted by bars extending parallel to tiie tirrve. 
scale (t). 

A transceiver which is the destination In a 
TDMR mode link passes data message sections 
from the DATA OUT output of the microcomputer 
UC to the host computer of the station for re- 
assembly into the original message. Voice mes- 
sage sections are fed Into the buffer and time 
expansion unit BTE which from the spaced sec- 
tions having a bit rate of, for example. 16 kilobits 
per second produces a continuous bit stream with 
a bit rate of, for example, 4.8 kilobits per second 
and supplies this to the voice decoder VD. ff de- 
sired, tile destination transceiver may ti^smlt re- 
ceived message sections in each periodic re-occur- 
rence of a respective transmission segment, as a 
form of acknowledgement to tiie penultimate tran- 
sceiver In the link. 

TDMR mode operation refies on transceivers 
which transmit in the same time segment being 
sufficlentiy separated in space not to Interfere witii 
one another as regards reception by the respective 
next successive transceivers in tiie fink. To in- 
crease the probability of successful operation In 
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this mode, the process of setting up a circuit- 
switched link in this nr>ode may use transmitter 
power control in each transceiver (except the last) 
to try to ensure that the signal strength received by 
the next succeeding transceiver in the link is ade- 
quate but no more; for example, each transceiver 
(except the first) may transmit to the respective 
preceding transceiver in the link Information on the 
strength of a signal previously received from said 
respective preceding transceiver, and said respec- 
tive preceding transceiver may then set the power 
level to be used for transmitting message sections 
in TDMR mode so that, for example^ the received 
signal strength in this mode would provide a given 
signal-to-noise ratio, assuming no changes in prop- 
agation conditions and network topology. 

The inter-network gateway mode is used when 
It Is desired to pass a message from one packet 
radio network to an adjacent packet radio network. 
The number of packet radio stations in a network Is 
limited, for example to 64 stations, because of the 
communication capacity required to distribute In- 
formation on 1hB topology of the network rather 
than to convey data messages; consequentiy, a 
larger number of stations must ba configured as a 
plurality of mutually adjacent networks having dif- 
ferent respective common frequencies. Interlinking 
the networks has hitherto typically required a "full 
gateway" consisting of two interconnected tran- 
sceivers which are respectively members of two 
adjacent networks. Messages received on the com- 
mon -frequency of either one of the networks are 
transmitted on the common frequency of the other 
network. This has the disadvantages that the inter* 
network mode requires equipment to be perma- 
nently dedicated to It and that h depends on the 
dedicated equipment functioning satisfactorily. By 
contrast* in networks of transceivers embodying the 
Invention, any transceiver In one network may op- 
erate as a half-gateway to an adjacent network by 
co*^perating with one or more transceivers of the 
adjacent network to tune its auMfiary channel re- 
ceiver to a common frequency fi of the adjacent 
network and, when a packet^received on one of Its 
other receivers from a transceiver of its own net- 
work Is to be transmitted to the adjacent network, 
tuning its transmitter to the frequency fi. In this 
case, a flag in the message indicates that the 
packet Is part of an inter-network message; this 
causes reception to be acknowledged by a similar 
transceiver in the adjacent network on the same 
frequency fi (rather than on another of the common 
frequencies of the adjacent network), and the ac- 
knowledgement can be received on the auxiliary 
channel receiver. A corollary of this mode of opera- 
tion is that any such transceiver In a network may 
receive a packet from an adjacent network without 
taldng special measures. 



When a transceiver operates In voice net mode 
or in TDMR mode, the use of its transmitter for that 
mode takes priority over the normal transmission of 
packets, and packets to be transmitted must be 

5 stored until the transmitter is no longer required for 
that mode. However, packets may be transmitted 
between the transmission of speech messages (in 
voice net mode) and in the interval t^etween peri- 
odic re-occunrences of the respective transmission 

10 segment (in TDMR mode), (in voice net mode, the 
use of tiie transmitter for that mode may be con- 
trolled by a button on a microphone that causes an 
appropriate control signal to be supplied to the 
microcomputer.) 

75 A -transceiver embodying the invention may 

simply operate as a multi-channel packet radio, 
and ma/ not have facilities for auxIGary channel 
operation. However, ft will be clear that the provi- 
sion of a receiver witii the capability for auxiliary 

20 channel operation while permitting simultaneous re- 
ception of normal packet messages on the remain- 
ing receiver(s) significantly enhances the useful- 
ness of the transceiver. An auxlilary channel may 
be operable in any one or more of the above- 

25 described modes. When an auxiliary channel is 
operable in two or alt three of the described 
modes, the transceiver suitably Is co-operable with 
one or more other transceivers in the network to 
determine which mode is to have priority at any 

30 time when more than one of the modes Is desired. 

As an alternative to the above described em- 
bodiment wherein the identical signal-processing 
channels associated with the four receivers RX1- 
RX4 allows any of the receivers to be used for the 

35 auxiliary channel, a single receiver may be dedi- 
cated for use for the auxiliary channel. In that case, 
there would be associated with that receiver the 
circuit blocks of the signal processing channel SP1 
and the digital voice channel DV of Rgure 1« while 

40 there would be associated with each of the remain- 
ing receivers the circuit blocks DDE, SD and HDC 
of Rgure 1 (there being a permanent connection 
from the output of SO to the input of EDO), This 
would somewhat simplify the circuitry, but the ar- 

45 rangement of Rgure 1 has the advantage that 
auxiliary channel operation is still possible even If 
one or two of the receivers fails. 

An auxiliary channel may be used in a mode 
other than tiiose described above, for example as a 

60 free-channel search receiver. 

Rgure 3 is a circuit block diagram showing one 
arrangement for tuning the receivers and the trans- 
mitter and for coupling them to the antenna for full 
duplex operation. Portions of the drcurt of Rgure 3 

55 corresponding to" the transmitter TX and the cou- 
pler CPLR in Rgure 1 are enclosed by lines of 
short dashes. Control links to various circuit blocks 
from the microcomputer uC are denoted by dash- 
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dot lines. The transmitter comprises a transmitter 
exciter TE supplied (as will be described below) 
with a stabllsed low-power RF canier signal and 
with a modulating signal MOD from an analogue 
signal or a digital signal modulator. The output of 
the transmitter exciter TE is fed to a bank of 
bandpass filters, BF, the filters having contiguous 
passbands covering the operating fi'equency range 
of the transceiver. The filters are controlled by the 
microcomputer of the transceiver by means of PIN 
diode switches, the microcomputer selecting ttie 
appropriate fitter so as to reduce transmitter noise 
at frequencies outside a narrow band including the 
desired operating transmission frequency. Since 
the common frequencies of the packet radio net- 
work must be sufficiantiy spaced for adjacent fre- 
quencies to lie in the respective passbands of 
different fiiters If It is to be possible for the tran- 
sceiver to receive messages, while transmitting, at 
each common frequency except that of the trans- 
mission, the narrower the passbands of the filters, 
the less is the constraint on the minimum spacing 
of adjacent common frequencies. 

The output of the fitter bank Is fed to a power 
amplifier PA which in turn is connected to a first 
port of a hybrid ring Ha Second and third ports of 
the hybrid ring are respectively connected to one 
pole of two two-pole bypass switches BS1 and 
BS2, and the fourth port of the hybrid ring is 
connected to a matched load. The second poles of 
the bypass switches are connected together. The 
input of the switch BS1 is connected to the com- 
mon antenna ANT, and the output of the switch 
BS2 is connected to the positive input of a broad- 
band differential RF buffer amplifier BA. The by- 
pass switches are controlled by the transceiver 
microcomputer so that when it Is desired only to 
receive and not to transmit signals, the antenna is 
directly connected to the buffer amplifier BA and is 
disconnected from the hybrid ring, the switches 
being in the positions shown in Rgure 3. When it is 
desired to transmit as well as to receive, the micro- 
computer puts each bypass switch into Its other 
position so that the antenna is connected both to 
the output of the power amplifier PA and to the 
input of the buffer amplifier BA via the hybrid ring. 

The buffer amplifier BA, whose output is coup- 
led by a splitter SP to the Input of each of the 
receivers RX1-RX4. is used in an interference can- 
cellation loop so that when the transmitter is op- 
erating, the magnitude of the signal at the desired 
transmission frequency that reaches the input of 
each receiver lies within the dynamic range of the 
receiver and hence does not overioad the receiver. 
The cancellation loop further comprises a direc- 
tional coupler DC, a weighting unit WT and a 
correlator CORR which controls the weighting unit 
and is Itself controlled by the transceiver micro- 



computer. The directional coupler DC supplies a 
small portion of the transmission frequency signal 
from the output of the power amplifier PA to the 
input of the weighting unit WT and to one input of 

6 the conrelator CORR. The other Input of the cor- 
relator receives the output signal of the buffer am- 
plifier. The weighting unit supplies from Its output 
to the negative input of the buffer amplifier BA a 
version of the weighting unit's input signal that is 

10 weighted in both amplitude and phase, the weigh- 
ting being controlled by the conrelator in such a 
manner as to tend to minimise the correlation be- 
tween the two Input signals to the corelator. 

Other interference cancellation arrangements 

IS may be used: see for example the paper "A Signal 
Separation Adaptive Nulling System for Military Ra- 
dio- by R.J. Murray. 2nd lERE Intemational Con- 
ference on Radio Receivers and Associated Sys- 
tems, University College of North Wales. July 

20 1986. 

Decoupling of the transmitter from the receiv- 
ers is thus provided by the bandpass filter bank 
BP, the hybrid ring iHR. and the cancellation loop. 
The bandpass filters and the hybrid ring together 

25 reduce the magnitude of signals that reach the 
receivers from the transmitter at frequencies to 
which the receivers may be tuned, other than the 
transmitter frequency, to below the level of the 
minimum wanted signal in each receiver; the hy- 

30 brid ring and the cancellation loop together reduce 
the signals that reach tiie receivers from the trans- 
mitter at the desired transmitter frequency to a 
level within the dynamic range of the receivers. 
In operation, prior to transmitting communica- 

35 tion messages, the transmitter may be tuned In 
tum to each of the common frequencies of the 
packet radio network and the conrelator allowed to 
determine the weighting which gives optimum can- 
cellation at each of the frequencies. The values of 

40 tiie weights may then be stored In association with 
the respective frequencies and, when the transmit- 
ter is subsequently used to transmit a message, 
the respective stored value of weight may be used 
to attenuate the transmission frequency signal that 

45 reaches the receivers. Since propagation conditions 
vary witii time, this calibration procedure may be 
repeated from time to time. Furthermore, the cor- 
relator may adjust the weight from the stored value 
in the course of a transmission If this is necessary 

50 to optimise the cancellation. 

As an alternative to the use of a single com- 
mon antenna with a hybrid ring to provide Isolation 
between the transmitter and and the receivers, a 
single antenna might be used with a circulator; this 

55 would alleviate the disadvantage of a loss of at 
least 3 dB in both the transmission path and tiie 
reception path that occurs with the hybrid ring. As 
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a further aJtemative, isolation might be provided by 
the use of two separate antennae respectively for 
transmission and reception, for example two collin* 
ear antennae. 

The tuning of the receivers and the transmitter 
will now be described. Each receiver comprises a 
voltage^controlled oscillator (VCO) as a local os- 
cillator and a harmonic locking loop (not shown). A 
reference oscillator RO supplies a highly stabilised, 
relatively low frequency to each receiver, this fre- 
quency being equal to the channel spacing (e.g. 25 
kHz). The harmonic locking loop in each receiver 
comprises a phase comparator which compares 
the reference oscillator signal with the signal of the 
respective VCO. and thereby locks the VCO fre- 
quency to an Integral multiple of the reference 
frequency. Without any other control, the value of 
the integral multiple would be random. In order to 
tune a receiver to a desired frequency, the micro- 
computer opens the harmonic Itx^klng loop of the 
receiver, connecting the control input of the re- 
ceiver's VCO to an external voltage control line VC 
(denoted in Rgure 3 by a line of long dashes). The 
output of the VCO, which Is connected to a respec- 
tive pole of a selector switch SSI. is. routed by tills 
switch under the control of the microcomputer to a 
universal frequency divider UD, This divides the 
VCO frequency by an integer whose value is con- 
trolled by the microcomputer and Is equal to the 
value of said Integral multiple which wilt give the 
desired local oscillator frequency- The output of the 
universal divider is passed to one input of a 
frequency-sensitive phase comparator PC, which at 
a second Input receives the sampled output of the 
refererice oscillator and whose output is the voltage 
control line VC. In this manner, the VCO is locked 
to the appropriate multiple of the reference fre- 
quency. When the frequency has settied. the har- 
monic locking loop Is then closed again, the VCO 
being disconnected from the control line VC* and 
the harmonic locking loop of the receiver maintains 
the VCO output at the same multiple of tiie refer- 

- ence frequency, 

in 'this embodiment, the receivers are direct 

• conversion receivers, with zero intermediate fre- 
quency. Their respective local oscillator frequen- 
' cles are thus the frequencies to which the receivers 
are respectively tuned. This enables the transmitter 
to be tuned In a simple manner to the same 
frequency as any of tiie receivers. The output of 
the respective VCO of each receiver is connected 
to a respective pole of a second selector switch 
882 controlled by the microcomputer, which sup- 
plies the VCO signal of the desired receiver along 
a local oscillator line LL to the transmitter exdter 
TE. The local oscillator of the receiver thus also 
acts as the transmitter oscillator. 



If it is desired also to be able to tune the 
transmitter to a frequency in the operating range 
that IS not the same as the frequency to which any 
of the receivers Is Instantaneously tuned, an addi- 
5 tionai VCO and harmonic locking loop may be 
provided, the VCO input being connectable to the 
voltage control line VC and the VCO output being 
connected to respective further poles on the selec- 
tor switches SSI and 882 and being thereby con- 
to nectable to the universal frequency divider UD and 
the transmitter exciter TE. 



Claims 

7S 

1. A transceiver for a isacket radio network 
which comprises a pluraTity of transceivers, tiie 
transceiver being operable to transmit, store and 
receive packets of data, wherein the transceiver 

20 comprises a plurality of receivers which are In- 
dependently tunable in operation and a single 
transmitter which in operation is tunable to the 
frequencies of the receivers. 

2. A transceiver as claimed In Claim 1 further 
25 comprising control means which in operation are 

co-operable with conresponding means In other 
transceWers of the network for causing one or more 
of the receivers to be tuned in operation to the 
same frequency or the same respective frequen- 
30 cies as one or more receivers, respectively, in the 
other transceivers. 

3. A transceiver as claimed in Claim 1 or 2 
comprising demodulating and data extraction 
means operable to handle data messages slmulta- 

S5 neously received on at least two said receivers and 
storage means for storing packets of data extracted 
from tiie messages. 

4. A transceiver as claimed in Claim 3 as 
appendant to Claim 2 further comprising control 

40 means for causing stored packets to be transmitted 
in operation on a frequency to which one of said at 
least two receivers was tuned. 

5. A transceiver as claimed in any preceding 
Claim comprising means for operating In a voice 

45 net mode, said means comprising demodulating 
means for demodulating a voice message received 
on at least one said receiver simultaneously wrtii 
the reception and demodulation of messages on 
the remaining receiver(s). 

50 6. A transceiver as claimed in Claim 5 as 
appendant to Claim 2 wherein the voice net mode 
means further comprise means for enabling a voice 
message to be transmitted continuously in opera- 
tion. 

65 ^ 7. A transceiver as claimed In Claim 6 wherein 
In operation the voice message Is transmitted on 
the same frequency as that to which said at least 
one receiver Is tuned. 
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8. A transceiver as claimed in Claim 6 or 7 
wherein the transceiver is operable, except when a 
voice message is being transmitted, to transmit 
messages on one or more frequencies other than 
the frequency of transmission of the voice mes- 
sage. 

9. A transceiver as claimed In Claim 6, 7 or 8 
comprising voice encoding and decoding means 
for converting an analogue voice signal to a digital 
voice signal and vice-versa. 

10. A transceiver as claimed in any of Claims 
2, 4, 6, 7, 8 or 9 or as claimed in Claim 3 or 5 as 
appendant to Claim 2, wherein the transceiver 
comprises control means which In operation are 
co-operable with corresponding means in one or 
more other transceivers of the network, the tran- 
sceivers forming a succession from source to des- 
tination for transmission of a message, to cause a 
respective receiver and a transmitter of each tran- 
sceiver of the succession to operate on a common 
radio frequency In a time division multiplex re- 
peater (TDMR) mode with a common time frame 
having a characteristic period P and the period P 
comprising n successive time segments of equal 
length p where np P, successive transceivers being 
assigned successive respective segments for trans- 
mission and every nth transceiver being assigned 
the same segment, 

wherein the transceiver comprises storage and 
transmission control means operable when the 
transceiver is the source of the message to cause 
the message to be divided Into successive mes- 
sage sections of fixed length and one section to be 
transmitted during each periodic re-occunrence of 
the respective transmission segment. 

and wherein the transceiver comprises relay 
control means operable when the transceiver Is 
intermediate the source and the destination of the 
message to cause a message section received 
from the preceding transceiver of the succession 
during the time segment immediately preceding Its 
respective transmission segment to be stored and 
then to be transmitted In its respective transmission 
segment. 

the transceiver being operable, when receiving a 
message section in TDMR mode on a respective 
receiver, simultaneously to receive messages on 
the remaining receiver(s), and being operable while 
in TDMR mode to transmit messages on frequen- 
cies other than said common frequency only in the 
intervals between periodic re-occun^ences of its re- 
spective transmission segment. 

11. A transceiver as claimed in Claim 10 op- 
erable to transmit and receive voice messsages in 
TDMR mode, wherein the transceiver comprises 
voice encoding and decoding means operable to 



convert an analogue voice signal to a digital signal 
with a bit rate p/P times the bit transmission rate 
and vice-versa. 

12. A transceiver as claimed in any of Claims 
5 2, 4 or 6 to 11 or as claimed In Claim 3 or 5 as 
appendant to Claim 2 comprising means for operat- 
ing in an inter-networic gateway mode, said means 
comprising means which In operation are co-op- 
erable with corresponding mearts in at least one of 
TO a pluraTrty of other transceivers comprised in en 
adjacent packet radio networic to cause one of the 
receivers to be tuned to the same frequency fi as a 
receiver In each of said plurality of other tran- 
sceivers, means for causing a packet which has 

75 been received on another receiver of the tran- 
sceiver from a transceiver In its own networt< and 
which has then been stored to be transmitted to a 
transceiver in said adjacent network on said fre- 
quency fi together with an identification of the 

20 packet as an Inter-network message, and means 
responsive to the reception of a packet with such 
an Identification to cause an acknowledgement of 
reception of 'the packet to be transmitted on the 
same frequency as that on which It was received. 

25 13. A transceiver as claimed In any preceding 

claim comprising means for substantially inhibiting 
the passage of RF energy from the transmitter to 
the receivers at frequencies other than the desired 
instantaneous transmitter frequency so that recep- 

00 tion is prevented solely In the receiver tuned to 
said desired transmitter frequency. 



35 



40 



45 



50 



55 



10 



0 251 382 




1-E-PHB 33280R. 



0 251 382 




2-i:-PHB 33280R 



THIS rituc ijiLANK (USPTO) 



